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Plant assay systems have been found useful for the detection of environmental mutagens (De Serres 1978) . They have proved to be worthwhile in testing the effects produced by physical and chemical mutagens released in the environment which constitute a serious threat to the public health. The Vicia faba root tip assay for the detection of chromosome aberrations from environmental chemicals is a well recog nized system (Grant et al. 1981 , Ma 1982 .
The most relevant problems of occupational hygiene are found in industry; this fact has stimulated interest in investigating toxicologic, carcinogenic, teratogenic and mutagenic effects of industrial chemicals (Tatrai et al. 1980) .
The acute toxicity of the thinners (Guzman-Flores 1974 , 1975 and some of its main components such as toluene, benzene (Matsushita et al. 1975 , NIOSH 1977 , Dean 1978 , n-hexane (Perbellini et al. 1978) , and n-heptane (Savolainen and Pfaffli 1980) , results in alterations of the central nervous system of mammals. Meanwhile chronic toxicity of benzene damages the hematopoietic system (Snyder and Kocsis 1975 , Goldstein and Laskin 1977 , Longacre et al. 1981 and stimulates leukemia development (Vigliani 1976, Vigliani and Forni 1976) , therefore this solvent has been classified as a potent carcinogen (IARC 1974 (IARC , 1979 together with other aro matic hydrocarbons such as toluene which induces skin cancer (Frei and Kingsley 1968) .
The association of cancer and the exposure to certain environmental agents (Strong 1977) has increased the number of investigations carried on in animals in order to determine the metabolism of carcinogenic hydrocarbons present in the environment (Kinoshita et al. 1981 , Longacre et al. 1981 ; it has also promoted epidemiological studies in which workers exposed to benzene showed higher rates of leukemia and mortality than controls (McMichael et al. 1974 , Thorpe 1974 , Infante et al. 1977 ). There has also been an increased interest on the possible teratogenic effects provoked by industrial solvents. Benzene has proved to be embryotoxic at concentrations from 50 to 500 ppm (Murray et al. 1979, Kuna and Kapp 1981) , and teratogenic at higher concentrations (Kuna and Kapp 1981) Tables 1-6 . As micronuclei in interphase cells provide a simple method to detect the pres ence of chromosomal damage (Read 1959 , Heddle 1973 , Schmid 1973 , Von Ledebur and Schmid 1973 , analysis of micronuclei were made in 2,000 interphase cells .
It has been described that chromosomal alterations can lead directly to cell death (Heddle and Salomone 1981) and as all the solvents tested in this work induce chromosomal alterations, it was decided to calculate the mitotic index and to con sider it as an indicator of the damage. This index was calculated following the analysis of 2,000 cells per concentration.
Results
All substances tested (thinner, toluene, benzene, n-hexane, n-heptane and ethyl acetate) induced subchromatid aberrations (subchromatid bridges) in the group of seedlings exposed during 1 and 2 hours. Chromatid aberrations (single fragments and bridges) showed up from the first hours of treatment and chromosome aberra tions (double fragments and bridges) only appeared in the four hour treatment with 42 and 44 hours recovery.
Alterations to the centromere included its inactivation as well as isochromo somes which were present in almost all the concentrations.
Disturbances of the mitotic spindle, as multipolar anaphases were caused by the solvents and observed Table 1 . Frequencies of alterations (-control) induced by thinner in the chromosomes of Vicia faba Table 2 . Frequencies of alterations (-control) induced by toluene in the chromosomes of Vicia faba Table 3 . Frequencies of alterations (-control) induced by benzene in the chromosomes of Vicia faba Table 4 . Frequencies of alterations (-control) induced by n-hexane in the chromosomes of Vicia faba Table 5 . Frequencies of alterations (-control) induced by n-heptane in the chromosomes of Vicia faba Table 6 . Frequencies of alterations (-control) induced by ethyl acetate in the chromosomes of Vicia faba for the first time in 1 and 2 hour treatments in the highest concentration of benzene, n-hexane, n-heptane, and ethyl acetate; while these alterations were only observed in the four hour treatment with toluene and in the 1 hour treatment with thinner. Micronuclei appeared in almost every exposure and recovery time. Tables 1-6 show the frequencies of alterations induced by each of the solvents. It is noted that the incidence of abnormal anaphases and total aberrations increased with the concentration except for n-heptane (Table 5 ) which behaved independently of the concentration.
All substances showed an increment in the frequency of multipolar anaphases with increasing concentrations, with the exception of ethyl acetate ( Table 6 ) that decreased in 1.00, 2.00 and 2.50%. Neither micronuclei nor chromosomes with inactivated centromere and isochromosomes showed a consistent response to the different concentrations used. These components produced c-mitosis, in the case of ethyl acetate the effect was first observed in 0.50% during the three hour treatment and continued appear ing in all treatments and recovery times, showing an increase with concentration. Thinner, toluene, benzene, n-hexane and n-heptane only induced c-mitosis in the first three hours of treatment and in the last two solvents the effect was lower.
Mitotic index (MI) was another criterion used to evaluate the damage caused by thinner and its main components. Figure 1 indicates the MI values for each substance and concentration, obtained as a percentage of their respective controls. It can be noted that the data of thinner and toluene showed a similar dispersion; for benzene and n-hexane the distribution of the values is more extensive and still greater in the case of n-heptane and ethyl acetate.
By means of a difference of proportions test (Spiegel 1970) , it was observed that the mitotic index values produced by thinner 0.03% was significantly different to that of the control, with an a of 0.05, which would possibly be the result of a stimulant effect. Because ethyl acetate 0.05% showed the same effect, it was decided to determine if the stimulation of MI with thinner 0.03% was due to ethyl acetate component (present in 6.0% within the mixture); therefore two more concentrations of this solvent (0.002 and 0.005%) were applied and their MI values calculated. The results were similar to those previously obtained with thinner.
Discussion
The fact that subchromatid aberrations appeared in the first hours of treatment, agrees with Kihlman's (1963) concept, which suggests that this type of aberrations should show up in the first two hours of exposure.
According to Kihlman (1963 Kihlman ( , 1966 , the agents with non-delayed effect are able to induce chromatid-type aberrations in the first two hours following the treatment, chromosome-type aberrations should show up between the fourteen and the eighteen recovery hour. The appearance of chromatid aberrations, in this work, is in agree ment with that mentioned above; however chromosome aberrations were not ob served until the forty-two and forty-four hours of recovery, in this case an elongation of the cell cycle time could probably be an explanation.
Physical and chemical agents produce two types of effects, one of them depends on the period of the cell cycle affected, inducing subchromatid, chromatid and chromosome aberrations; the other only produces chromatid aberrations irrespective of the cell cycle stage in which the cells are at the time of exposure. The first group of substances is considered as S-independent agents, the second group as S-dependent (Bender et al. 1974 , Kihlman et al. 1978 , Natarajan and Obe 1978 . The presence of aberrations, for S-independent agents, is non-delayed; meanwhile for S-depen dent agents it is delayed (Kihlman et al. 1978) .
Because the solvents used in this work did not produce a delay in the induction of aberrations and as they induced subchromatid, chromatid and chromosome aberrations, these substances can be considered within the group of S-independent agents.
Chromosomal aberrations in cellular cultures have generally been accepted as a result of a direct attack of physical and chemical agents on chromosomal material, probably DNA, however it has also been proposed that the action of the enzymes released from lysosomes, could also break DNA (Allison and Paton 1965) ; DNase has the characteristic of breaking, at the same time, both strands of DNA (Bernardi and Sadron 1964) .
The solvents in this work have been considered as highly liposoluble substances, for which they could have altered the lysosomal membrane of Vicia faba root tip cells, liberating DNases that could damage DNA. This does not mean that the only way in which chromatids are broken is through an enzymatic attack , but direct interactions of the substances with DNA could also be present.
The behavior of a substance that interacts directly with DNA sometimes de pends, but not always, on the DNA synthesis period. However the existence of other factors that trigger the indirect action of the chromosome-breaking com ponent, makes it extremely difficult to determine the origin of the observed aberra tions and it might lead to errors in the classification of the agents used .
The centromere was also affected by the solvents tested. Its inactivation was detected in the first hours of treatment, giving rise to chromosomes with inactivated centromeres (Gomez-Arroyo and Villalobos-Pietrini 1983) or the breakage of the centromeric region resulting in isochromosomes (Ramanna and Natarajan 1966, Nicholoff and Gecheff 1976) . In both cases, the chromosomes have not been included in the two anaphase groups and they could later appear as micronuclei.
According to Ostergren (1951) , the mechanism through which substances act upon the spindle and induce c-mitosis, as in the case of the solvents used in this work, is exclusively based on their physical properties; this is confirmed by Shamuck and Gusseva (1939) in their statement that substances which induce c-mitosis are characterized by a low solubility in water. Levan and Ostergren (1943) , also found a relationship between the solubility of components in lipids and their c-mitotic activity. The capacity of these solvents to induce c-mitosis is probably based on the fact that they are highly liposoluble, this could allow their association to the lipophilic chains of the mitotic spindle proteins, according to the mechanism proposed by Ostergren (1944) , and could provoke the folding of polypeptidic chains that finally induce fibrous proteins to change into globular forms, preventing the mitotic spindle to function.
Micronuclei should be a reliable quantitative index of the damage produced by different agents upon chromosomes, however the findings in this study did not show a relationship between micronuclei production and the concentrations used; on the contrary, an asymptotic distribution with the concentration was observed, making this assay moreover a qualitative monitor to determine damage caused by these solvents on Vicia faba root tip cells.
Meanwhile most of the main components of the thinner showed an inhibitory effect on cell division, thinner (0.03%) and ethyl acetate (0.002, 0.005 and 0.5%) stimulated it significantly. The effect of the thinner can be considered in relation to its ethyl acetate component.
It is clear from this study that Vicia faba is a good material for evaluating the cytogenetic damage caused by chemical agents such as industrial solvents. Present ly, 80 different chemicals have been effectively tested in this system, using the fre quencies of chromatid and chromosome aberrations as indicators of their mutagenic activity (Ma 1982) , therefore the results obtained could be considered as an initial screening of chemical mutagens.
Summary
Roots of Vicia faba seedlings were treated with different concentrations of thinner and some of its main components (toluene, benzene, n-hexane, n-heptane and ethyl acetate) which induce chromosomal alterations in anaphase cells as sub chromatid-type aberrations (subchromatid bridges), chromatid aberrations (single bridges and fragments), chromosome aberrations (double fragments and bridges), chromosomes with inactivated centromere, isochromosomes and multipolar ana phases; as well as micronuclei in interphase cells. In each case total aberration frequencies increased with the concentration of the solvent, except for n-heptane 
